Aims: Invasive cribriform and/or intraductal carcinoma have been identified as independent adverse parameters for prostate cancer outcome. Little is known on biopsy undersampling of cribriform architecture. Our aim was to determine the extent of cribriform architecture undersampling and to find predictive factors for identifying false cribriform-negative cases. Methods and results: We reviewed 186 matched prostate biopsies and radical prostatectomy specimens. Of 97 biopsy grade group 2 (Gleason score 3 + 4 = 7) patients, 22 (23%) had true cribriform-negative (TN), 39 (40%) false-negative (FN) and 36 (37%) true-positive (TP) biopsies. Patients with FN biopsies had higher, although not statistically significant (P = 0.06), median PSA levels than patients with TP biopsies (12 versus 8 ng/ml). A PI-RADS 5 lesion was present in nine of 16 (54%) FN and three of 11 (27%) TN biopsies (P = 0.05). Positive biopsy rate (P = 0.47), percentage Gleason pattern 4 (P = 0.55) and glomeruloid architecture (P = 1.0) were not different. Logistic regression identified PSA as an independent predictor (odds ratio = 3.5; 95% confidence interval = 1.2-9.4, P = 0.02) for cribriform architecture on radical prostatectomy, but not PI-RADS score. The FN rate for large cribriform architecture at radical prostatectomy was 27%, which was lower than for any cribriform architecture (P = 0.01). During follow-up (median 27 months), biochemical recurrencefree survival of patients with TP biopsies was significantly shorter than that of those with FN biopsies (P = 0.03). Conclusion: In conclusion, 40% of grade group 2 prostate cancer biopsies were FN for cribriform architecture. These patients had higher PSA levels and more frequent PI-RADS score 5 lesions than men with TN biopsies.
Concordance of cribriform architecture in matched prostate cancer biopsy and radical prostatectomy specimens Aims: Invasive cribriform and/or intraductal carcinoma have been identified as independent adverse parameters for prostate cancer outcome. Little is known on biopsy undersampling of cribriform architecture. Our aim was to determine the extent of cribriform architecture undersampling and to find predictive factors for identifying false cribriform-negative cases.
Methods and results:
We reviewed 186 matched prostate biopsies and radical prostatectomy specimens. Of 97 biopsy grade group 2 (Gleason score 3 + 4 = 7) patients, 22 (23%) had true cribriform-negative (TN), 39 (40%) false-negative (FN) and 36 (37%) true-positive (TP) biopsies. Patients with FN biopsies had higher, although not statistically significant (P = 0.06), median PSA levels than patients with TP biopsies (12 versus 8 ng/ml). A PI-RADS 5 lesion was present in nine of 16 (54%) FN and three of 11 (27%) TN biopsies (P = 0.05). Positive biopsy rate
Introduction
Risk stratification and therapeutic decision-making in prostate cancer patients is affected by potential biopsy undersampling. The Gleason score is one of the most important parameters for predicting disease outcome and guiding individual treatment. Men with Gleason score 3 + 3 = 6 (International Society of Urological Pathology (ISUP) grade group 1] prostate cancer are eligible for active surveillance, whereas men with Gleason score ≥4 + 3 = 7 (grade groups [3] [4] [5] are usually treated with radical prostatectomy, radiation therapy and/or hormonal therapy. The optimal therapeutic strategy for men with Gleason score 3 + 4 = 7 (grade group 2) is still a matter of debate. While most of these patients will undergo active treatment, surveillance is increasingly being considered in this subgroup. Incorporation of additional clinicopathological and molecular parameters might be able to support optimal decision-making in this large prostate cancer subpopulation.
Grade group 2 prostate cancer is a heterogeneous disease with variable architectural growth patterns and Gleason pattern 4 quantities. While individual growth patterns are not routinely mentioned in pathology reports, recent studies have shown that patients with cribriform architecture have an adverse outcome compared to those without. [1] [2] [3] Both invasive and intraductal cribriform architecture have been associated with adverse clinicopathological characteristics, post-operative recurrence rates, metastasis and disease-specific death. [4] [5] [6] [7] [8] Conversely, biopsy grade group 2 prostate cancer patients without cribriform architecture have comparable disease-specific survival and post-operative biochemical recurrence rates to men with grade group 1 disease. 1, 19 Quantification of Gleason pattern 4 can further add in risk stratification, as post-operative biochemical recurrence rates increment with a higher Gleason pattern 4 tumour percentage. 10 Cribriform architecture and Gleason pattern 4 quantification might therefore be important adjuncts in risk stratification of grade group 2 prostate cancer patients.
While pathological tumour characteristics are important for clinical decision-making, prostate biopsies are prone to undersampling. Prostate cancer is up-graded in up to 40% of subsequent radical prostatectomy specimens. 11, 12 At present, little is known on the extent of undersampling in detection of cribriform architecture or Gleason pattern 4 percentage. The aim of our study is to determine the extent of undersampling for the detection of cribriform architecture in matched prostate biopsy and radical prostatectomy specimens, and to identify potential factors for discriminating true-from false cribriform-negative prostate biopsies.
Materials and methods

P A T I E N T S E L E C T I O N
We identified 186 patients who had undergone both biopsy and subsequent radical prostatectomy at Erasmus MC University Medical Center, Rotterdam, the Netherlands between 2010 and 2017. Biopsies were prompted by elevated prostate-specific antigen (PSA) levels or obtained in the scope of active surveillance. The Prostate Imaging Reporting and Data System (PI-RADS) score was annotated by an expert uroradiologist, when patients had received multiparametric magnetic resonance imaging (MRI). 13 When suspicious lesions (PI-RADS 3-5) were visible on MRI, targeted MRI-ultrasound fusion biopsies were taken. Individual biopsy cores were enclosed in separate containers and radical prostatectomy specimens were completely embedded for diagnostic purposes. All slides of both biopsies and radical prostatectomies were available for pathological review. This study was approved by the institutional Medical Research Ethics Committee (MEC-2018-1614). 14 Invasive cribriform Gleason pattern 4 was not distinguished from intraductal carcinoma because of their significant morphological overlap, which would require extensive immunohistochemical staining for further discrimination. 1 If targeted biopsies were obtained, these were considered as separate biopsies and not as one single biopsy. Matching radical prostatectomy specimens were evaluated as described previously. 4 We recorded Gleason score, grade group, pT-stage according to the AJCC TNM 8th edition, surgical margin status, percentage Gleason pattern 4 and individual growth patterns. 15 Furthermore, we distinguished small and large expansive cribriform growth pattern based on a cutoff of two times the size of adjacent pre-existent normal glands.
After radical prostatectomy, clinical follow-up consisted of bi-annual, and later annual monitoring of serum PSA levels. Biochemical recurrence was defined as PSA levels ≥0.2 ng/ml measured at two consecutive time-points at least 3 months apart with undetectable PSA levels after operation, or as PSA increase of >2.0 ng/ml when serum PSA had not declined to zero after operation. Survival was defined as time in months from radical prostatectomy to biochemical recurrence or last follow-up.
S T A T I S T I C A L A N A L Y S I S
Continuous variables with normal distribution were compared by Student's t-test and one-way analysis of variance (ANOVA) and those without normal distribution with the Mann-Whitney U-test. For categorical parameters, 2 or Fisher's exact were used. Correlation between continuous variables was analysed using Pearson's correlation coefficient. Dichotomous outcome variables were analysed using logistic regression. Survival was visualised by Kaplan-Meier curves. Statistics were performed using R version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria) and results were considered significant when the two-sided P-value was <0.05.
Results
C L I N I C O P A T H O L O G I C A L C H A R A C T E R I S T I C S
The entire cohort consisted of 186 patients with matched biopsy and radical prostatectomy specimens. The mean age at time of operation was 65 years [interquartile range (IQR) = 62-70] and the mean PSA level was 12 ng/ml (IQR = 6-15). In total, 144 (77%) patients underwent systematic biopsies, 26 (14%) received systematic and targeted biopsies and 16 (9%) had targeted biopsies only. The mean number of biopsies taken was nine (IQR = 8-10), with four (IQR = 3-5) biopsies containing adenocarcinoma, representing 49% (IQR = 30-66) of the total number of biopsy cores. Fifty (27%) patients had overall biopsy grade group 1, 99 (53%) grade group 2, 11 (6%) grade group 3, 15 (8%) grade group 4 and 11 (6%) grade group 5.
On radical prostatectomy, 87 (47%) adenocarcinomas were pT2, 76 (41%) pT3a and 23 (12%) pT3b. Distribution of the grade groups on radical prostatectomy was as follows: 19 (10%) grade group 1, 108 (58%) grade group 2, 25 (14%) grade group 3, 17 (9%) grade group 4 and 17 (9%) grade group 5. Tumour up-grading occurred in 65 (35%) and downgrading in 14 (8%) radical prostatectomies, while 107 (57%) cases had concordant tumour grades. Positive surgical margins were present in 63 (34%) patients. Eighty patients had simultaneously undergone pelvic lymph node dissection, 18 of which (23%) contained lymph node metastasis. The mean post-operative follow-up was 32 months (median = 22, IQR = 8-51).
Invasive cribriform and/or intraductal carcinoma was observed in 57 (31%) diagnostic biopsies and in 128 (69%) radical prostatectomy specimens (Table 1) .
Cribriform architecture was present in both matched biopsy and radical prostatectomy specimens in 55 (30%) and absent in 56 (30%) cases. In 73 (39%) men cribriform architecture was observed in the radical prostatectomy specimen, but not in preceding biopsies. Two cases (1%) had cribriform architecture at biopsy but not at subsequent radical prostatectomy, which is probably due to sampling error, and these were excluded from further analyses. Therefore, the sensitivity for cribriform architecture on biopsies was 43%, while specificity was 97%. Cribriform architecture was observed more frequently in targeted (19 of 40; 48%) than systematic biopsies (36 of 144; 25%, P = 0.01).
C O N C O R D A N C E O F C R I B R I F O R M A R C H I T E C T U R E I N G R A D E G R O U P 2 P R O S T A T E C A N C E R B I O P S I E S
Because cribriform architecture might be most relevant for treatment decisions in patients with biopsy grade group 2 prostate cancer, we performed further analyses within this subgroup (n = 97). Thirty-six (37%) patients with biopsy grade group 2 demonstrated cribriform architecture on both matched biopsy and radical prostatectomy specimen (true cribriform-positive, CR+/CR+), while cribriform architecture was absent in both specimens in 22 (23%) cases (true cribriform-negative, CRÀ/CRÀ). In 39 (40%) patients, cribriform architecture was present on radical prostatectomy but not on preceding biopsy; these patients were considered as having false cribriformnegative (CRÀ/CR+) biopsies. None of the patients with biopsy grade group 2 had cribriform architecture on biopsy, while radical prostatectomy was negative for cribriform architecture.
I D E N T I F I C A T I O N O F P R E D I C T O R S I N T R U E -A N D F A L S E C R I B R I F O R M -N E G A T I V E G R A D E G R O U P 2 P R O S T A T E C A N C E R B I O P S I E S
Patients with true-negative biopsies were slightly younger (62 versus 65 years, P = 0.06) and had lower PSA levels (8 versus 12 ng/ml, P = 0.06) than men with false-negative biopsies; however, these differences were not significant (Table 2 ). In total, 51 patients (53%) had undergone multiparametric MRI prior to biopsy. Of 11 patients with true-negative biopsies, three (27%) had a PI-RADS 5 lesion compared to nine of 16 (56%) false-negative and 17 of 24 (71%) true-positive biopsy patients (P = 0.05).
The number of biopsies (P = 0.53), percentage of positive biopsies (P = 0.47) and maximal tumour length (P = 0.44) were not different between true-and falsenegative biopsies. As Gleason pattern 4 percentage and glomeruloid architecture have both been associated with cribriform architecture, we assessed the predictive value of these pathological parameters. 8, 16 Mean percentage of Gleason pattern 4 was 12% (IQR = 5-10%) in true-negative biopsies and 11% (IQR = 5-16%) in false-negative biopsies (P = 0.55).
There was only a weak correlation between percentage Gleason pattern 4 on biopsies (mean = 13%, IQR = 5-20%) and matched radical prostatectomies (mean = 31%, IQR = 10-40%, R 2 = 0.093; P = 0.001). Glomeruloid growth pattern was encountered in six of 22 (27%) true-negative and 11 of 39 (28%) false-negative biopsies (P = 1.0).
Logistic regression analysis on cribriform-negative biopsy patients showed that age [odds ratio (OR) = 1.1, 95% confidence interval (CI) = 1.0-1.3, P = 0.02] and PSA (OR = 3.3, 95% CI = 1.2-9.1, P = 0.02) were independent predictive parameters for presence of cribriform architecture on radical prostatectomy in multivariable analysis, whereas PI-RADS score, number and percentage of positive biopsies, maximal tumour length, presence of targeted biopsies and percentage Gleason grade 4 were not (Table 3 ).
C O M P A R I S O N O F F A L S E -N E G A T I V E A N D T R U E C R I B R I F O R M -P O S I T I V E G R A D E G R O U P 2 B I O P S I E S
PSA levels of men with true-positive biopsies were slightly higher than of those with false-negative biopsies, but this was not statistically significant (16 versus 12 ng/ml, P = 0.13). Patients with true-positive biopsies had a significantly higher total number of biopsies (10 versus 8, P = 0.02) and number of tumour-positive biopsies (6 versus 4, P = 0.001); however, no differences were seen in percentage of positive biopsies (59 versus 52%, P = 0.19) when compared to patients with false-negative biopsies. The percentage of Gleason pattern 4 was higher in patients with cribriform-positive biopsies than in those with false-negative biopsies (17 versus 11%, P = 0.03). Final grade group (P = 0.97), pT stage (P = 0.27) and surgical margin status (P = 0.24) of the radical prostatectomy specimens were not different between these two groups. The tumour volume percentage of cribriform growth at radical prostatectomy was higher in patients with true-positive biopsies than in those with false-negative biopsies, but this did not meet conventional measures of significance (13% versus 6%, P = 0.06).
Large expansile cribriform architecture, which represents an aggressive subtype of invasive cribriform carcinoma, was present in 22 of 97 (23%) radical prostatectomy specimens. 4 Sixteen of these 22 (73%) patients had any size cribriform fields on biopsy, while biopsies were false-negative in six (27%) men. The false-negative rate for more aggressive large cribriform architecture (six of 22; 27%) was lower than for any cribriform architecture (39 of 75; 52%, P = 0.01). If large cribriform carcinoma was present at radical prostatectomy, the tumour volume percentage of any cribriform growth in the operation specimens did not differ between men with false cribriform-negative and true-positive biopsies (P = 0.5). This indicates that the lower false-negative rate of large cribriform growth was not merely due to a larger total cribriform tumour percentage at radical prostatectomy.
C L I N I C O P A T H O L O G I C A L O U T C O M E I N G R A D E G R O U P 2 P A T I E N T S
Of 97 patients with biopsy grade group 2 prostate cancer, 73 (75%) had concordant grade group at radical prostatectomy, 20 (21%) were up-graded to grade groups 3 to 5 and four (4%) down-graded to grade group 1. Up-grading occurred in nine of 36 (25%) true-positive and in nine of 39 (23%) falsenegative biopsies, and was significantly lower (P = 0.01) in true-negative biopsies (two of 22, 9%). Extraprostatic expansion and surgical margins status were not significantly different between the three groups.
Biochemical recurrence occurred in 21 (22%) patients and was significantly more frequent in the true-positive (13 of 36, 36%) than in the false-negative group (six of 39, 15%, P = 0.03). The true-negative group (two of 22, 9%) showed the lowest incidence of biochemical recurrence; however, this difference was not significant (P = 0.13) when compared to the false-negative group.
The median post-operative follow-up of grade group 2 patients was 27 months (mean = 18, IQR = 6-40). Patients experienced biochemical recurrence after a median of 14 months (mean = 24, IQR = 5-32). Biochemical recurrence-free survival was not significantly different between patients with true-negative and false-negative biopsies (log-rank P = 0.55).
Patients with cribriform-positive biopsies had significantly shorter biochemical recurrence-free survival than men with false-negative biopsies (log-rank P = 0.03, Figure 1 ).
Discussion
Identification and pathological reporting of invasive cribriform and/or intraductal carcinoma of the prostate are increasingly important, as they are both associated with adverse clinical outcome. 1,2,5,6 Biopsy undersampling is a well-known problem which might have a significant impact on individual patient management. 11, 17, 18 Hitherto, little is known about biopsy undersampling in identifying cribriform architecture. In this study we demonstrated that biopsies were false-negative for cribriform architecture in 39% of all cases and in 40% of patients with biopsy grade group 2 prostate cancer. In false-negative grade group 2 patients, age and PSA level were independent predictive parameters for the presence of cribriform architecture on subsequent radical prostatectomy, while the percentage of positive biopsies, maximal biopsy tumour length, percentage Gleason pattern 4 and glomeruloid growth were not. Patients with the more aggressive large cribriform growth pattern on radical prostatectomy were, however, less likely to have cribriform-negative biopsies. 4 Biopsy grade group 2 patients with false cribriform-negative biopsies showed better biochemical recurrence-free survival rates than men with true cribriform-positive biopsies, although follow-up was relatively short. Biochemical recurrence-free survival of biopsy grade group 2 prostate cancer patients, stratified for the presence of cribriform architecture on biopsies and subsequent radical prostatectomies (log-rank over all groups, P-value = 0.02).
Masoomian et al. 19 studied concordance rates of cribriform architecture in 245 matched biopsies and operation specimens and found a relatively low sensitivity of 47%, corresponding well with the 43% sensitivity in our study. In their subset of grade group 2 biopsy patients, false-negative and true-positive biopsies both had a more advanced stage compared to true-negative biopsies on radical prostatectomy, suggesting that men with false-negative and true-positive biopsies have a comparable outcome. This contrasts with our study, as we found that post-operative biochemical recurrence-free survival of men with truepositive biopsies was significantly shorter than of those with false-negative biopsies. The difference might be explained by the different and relatively small cohorts in both studies.
While most patients with biopsy grade group 2 prostate cancer undergo active treatment, the question arises as to whether surveillance could be a safe alternative for subgroups of this large patient population. It has, for instance, been proposed that patients with biopsy grade group 2 prostate cancer and low Gleason pattern 4 percentage should be considered for surveillance. 20, 21 Others have suggested that biopsy grade group 2 prostate cancer patients without invasive cribriform and/or intraductal carcinoma might be eligible for surveillance. 7, 9 To further support clinical decision tools, it is important to gain insight into the false-negative rate of potentially aggressive disease parameters and to determine how this rate can be minimised to an acceptable level. In the current study, we showed that consideration of PSA level, which is an important parameter for active surveillance, might prevent men with potentially aggressive false-negative biopsies from being abstained from immediate treatment. Furthermore, presence of a PI-RADS 5 lesion on multiparametric MRI might also be indicative of more aggressive disease. Truong et al. 22 identified cribriform morphology in combined systematic and targeted biopsies in 37% of PI-RADS 5, 24% of PI-RADS 4 and 6% of PI-RADS 2 lesions, suggesting that high-grade MRI lesions are related to more aggressive tumours with cribriform morphology. Prendeville et al. 23 identified cribriform morphology in 8% of PI-RADS 3/4 lesions and in 39% of PI-RADS 5 lesions, indicating that PI-RADS score might be a predictor for cribriform-positive prostate cancer. In this study we showed that 56% of false-negative biopsies had a PI-RADS 5 lesion compared to 27% of true-negative biopsies. However, due to the small number of patients who had undergone MRI, PI-RADS score was not a predictor for cribriform architecture in logistic regression analysis.
We were not able to find any predictive value of biopsy percentage Gleason pattern 4 or glomeruloid growth pattern for cribriform architecture on radical prostatectomy. The presence of cribriform architecture has been associated with higher percentage Gleason pattern 4 on biopsies. In a cohort of 370 biopsy grade group 2 prostate cancer patients, we found cribriform architecture in 6% of men with <10% Gleason pattern 4, in 22% of men with 10-25% pattern 4 and in 44% of men with 25-50% pattern 4. 7 Nevertheless, biopsy percentage Gleason pattern 4 was not predictive for cribriform architecture in falsenegative biopsies. This paradoxical outcome could be explained by the low level of concordance between percentage Gleason pattern 4 on biopsy and matched radical prostatectomy specimens in this study. Similarly, glomeruloid Gleason pattern 4, which has been hypothesised to represent a precursor lesion of cribriform growth, was not associated with cribriform architecture in false-negative biopsies. 16 Among patients with cribriform architecture, those with large expansive cribriform fields have the worst outcome. 4 The false-negative rate of 27% for the large cribriform pattern is significantly less than the rate of 52% for overall cribriform morphology. As 44% of true-positive biopsies had large cribriform fields on radical prostatectomy compared to only 15% of false-negative biopsies, this might explain the significantly better biochemical recurrence-free survival of false-negative biopsies compared to true-positive biopsies, in addition to other clinicopathological confounding factors.
The strong points of this study are the detailed histological review of matched biopsies and radical prostatectomies. The study is, however, limited by its low number of patients, the heterogeneity of the study population, including both patients with firsttime diagnosis and progression during active surveillance, and variability of diagnostic work-up encompassing systematic and/or targeted biopsies, as well as multiparametric MRI assessment. Finally, followup is relatively short, with a median of 27 months.
In conclusion, we demonstrate that 40% of men with biopsy grade group 2 prostate cancer were falsenegative for invasive cribriform and/or intraductal carcinoma. Age and PSA were independent predictors for cribriform architecture in false-negative biopsies, while patients with false-negative biopsies more frequently had PI-RADS score 5 lesions than men with true-negative biopsies. Multimodal evaluation of biopsy grade group 2 prostate cancer patients could therefore identify men with true cribriform-negative biopsies who might become eligible for active surveillance.
